Introduction
The goal of radiotherapy is to cure cancer locally without excessive toxicity. The optimal way to achieve this goal is to precisely deliver an irradiation dose to the target volume, and no or a minimal dose to the uninvolved normal tissues and structures (organs at risk). Numerous studies suggest that higher irradiation dose results in better disease-free survival. In many tumours, such as carcinoma of the uterine cervix, prostate, and lung cancer, higher local control is correlated with increased survival.
Complete surgical resection is the most effective initial treatment for patients with early stage non-small cell lung cancer (NSCLC). Local relapses in the tumour bed and regional lymph nodes or distant metastases are the mechanism of relapse after curative resection [1, 2] . Radiation therapy is the primary treatment for NSCLC, either as adjuvant treatment after surgery or as radical treatment in patients with locoregional advanced, inoperable tumour. It was reported that high radiation doses were correlated with improvement of local control [3] [4] [5] . Radiation-induced pulmonary injury is one of the most common and serious complications in patients who receive high-dose radiation therapy for non-small cell lung cancer. The use of threedimensional conformal radiotherapy allows for improved target volume coverage as well as better ability to spare normal lung tissue. Nevertheless, the percentage of patients who experience postradiation pneumonitis fluctuates between 6% and 49% [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Several clinical factors as well as specific dose-volume histogram (DVH) parameters have been reported as risk factors for radiotherapyrelated lung injury in NSCLC patients. Poor performance status, concurrent smoking, age, low haemoglobin concentration, concurrent chemotherapy, history of chronic obstructive pulmonary disease (COPD), and poor pulmonary function before radiotherapy have been reported as common clinical factors related to post-radiation lung injury [17, [21] [22] [23] [24] . Many studies have reported that the percentage volume of lung receiving more than some defined threshold dose and mean lung dose (MLD) are predictive factors for post-radiation acute lung toxicity. Most reported results in the literature are inconsistent. In this study we tried to express our opinion in the discussion. We herein report our study results of radiation-induced lung toxicity in a group of 34 patients with NSCLC, treated using three-dimensional conformal techniques. The aim of this study was to evaluate the risk of acute side effects in the lung after 3D-CRT in patients treated for NSCLC. An attempt was made to single out clinical factors and factors related to treatment technique which may induce acute post-radiation pneumonitis. Table I .
Material and methods

From
The haemoglobin concentration before treatment fluctuated between 10.3 g/dl and 15.9 g/dl (mean 13.3 ±1.51 g/dl; median 13.3 g/dl; 95% CI 12.5-13.7). In the analysed group, patients' performance status was evaluated using the Karnofsky Performance Scale (KPS). All patients were in very good or good general condition. There were 4 (12%) patients with 100% KPS. Sixteen (47%) and 14 (41%) patients were classified respectively as 90% and 80% KPS. Twenty-five (73.6%) patients underwent chemotherapy with a platinum-based regimen before radiation therapy. Twenty-one (61.8%) patients received cisplatin in a dose of 100 mg/m 2 with etoposide 100-120 mg/m 2 every 21 days. Four (11.8%) patients received cisplatin in monotherapy. The number of chemotherapy courses ranged between 2 and 5 (median 3.8 courses). In every case the diagnosis of non-small cell lung cancer was confirmed in histopathology examination. In the analysed group squamous cell carcinoma was diagnosed in 21 The analysis of prognostic factors affecting post-radiation acute reaction after conformal radiotherapy for non-small cell lung cancer number of patients had diagnosis of large cell carcinoma. In the remaining 3 (8.8%) patients the precise pathological diagnosis was not established. In these cases non-small cell lung cancer was recognized.
Treatment technique
All patients were treated according to the Radiotherapy Department's homogeneous in-house protocol. Patients were positioned and fixed using a breast board with arms abducted over the head. Preliminary treatment volume localization was done using a simulator. The planning CT scans were sent to the Medical Physics Department, where treatment volumes as well as critical organs and radiation dose were defined using the Varian Eclipse treatment planning system. Every case was planned individually using three-dimensional conformal technique. Treatment volumes were defined according to the 50 and 62 ICRU (the International Commission on Radiation Units and Measurements) reports. The gross tumour volume (GTV) was delineated as the tumour with enlarged mediastinal lymph nodes (lymph nodes larger than 1 cm in computed tomography study). Next the clinical target volume (CTV) was defined as a volume which included the GTV and some subclinical disease. The CTV was usually created by adding a symmetrical margin of 5 mm to the GTV. Then an additional tissue margin around the CTV was created to eliminate the respiratory motion effect and potential inaccuracy of patient and radiation source setup. By adding these margins the planning target volume (PTV) was created. Margins around the CTV, in the range 1.0-1.5 cm, usually were asymmetrical, and were dependent on respiratory motion and tumour site. Correctness of treatment plan realization was checked on a simulator, where treatment fields were transmitted to the patient's skin, and served in the computer system simultaneously. Treatment fields setup repeatability was evaluated through the simulator and accelerator image fusion and geometric error measurement. Twenty-one (64.8%) patients had ipsilateral mediastinal lymph nodes irradiated electively. For precise delineation of individual mediastinal lymph node groups, Mountain and Dresler's classification modified by Chapet was used. The radiation dose in the elective volume was prescribed at a level of 50.0 Gy. Next the dose was escalated to the tumour and enlarged mediastinal lymph nodes, and it was contained within 66.0-68 Gy. For 11 (32.3%) patients the "large field" technique was used, which included tumour and ipsilateral mediastinal lymph nodes. The total dose between 66.0 Gy and 68.0 Gy was prescribed in this group of patients. One patient was treated using the "small field" technique, limited to the tumour volume and pulmonary hilum lymph nodes. The prescribed dose was 66.0 Gy for this patient. All patients were irradiated using a conventional dosage schedule.
The basis of statistical analysis was occurrence of acute post-radiation pneumonitis in this group of patients. Intensity of early toxicity was evaluated once a week during radiotherapy, and then every 4 weeks, for six months after the end of treatment. A modified RTOG/EORTC toxicity score was used. The toxicity score modification involved changing the corticosteroid administration from grade 3 to grade 2 on the above-mentioned scale. The introduced change allowed us to single out a group of patients with indirect degree of post-radiation acute reaction course. Corticosteroid administration induced relatively rapid amelioration of respiratory system functioning in this group of patients, without the necessity of hospitalization. In the presented statistical analysis the main endpoint was the occurrence of radiation pneumonitis of grade 2 or higher according to the modified RTOG/EORTC toxicity score, with clinical manifestation of moderate effort dyspnoea with non-productive persistent cough, subfebrile body temperature and necessity of corticosteroid administration. In case of any uncertainty of pathogenesis of a patient's ailments, which could suggest local recurrence or tumour progression, computed tomography of the chest was performed as well as cardiological consultation to eliminate other causes of respiratory failure.
Statistical analysis
The Kaplan-Meier estimator was used to evaluate the risk of radiation pneumonitis development in the analysed patient group. Student's t-test, as a statistical method, was used to define differences between mean values of target volumes, mean doses cumulated in lung tissue as well as lung volumes receiving specified ionizing radiation doses, in groups of patients with and without clinical manifestation of post-radiation pneumonitis. Patient-related factors included in the analysis were: age, sex, tumour size, clinical stage, Karnofsky Performance Status, use of induction chemotherapy, and haemoglobin concentration before radiotherapy. Factors related to treatment techniques included in the analysis were: clinical target volumes and planning target volumes in cm 3 , volumes of lung tissue which received a dose from 10 Gy to 60 Gy, and mean lung doses. Finally, univariate and multivariate analysis was carried out, to single out factors which could describe the toxicity risk most precisely. Lung tissue, as an organ at risk, was defined separately in every case as: the ipsilateral lung, contralateral lung, and total lung volume. A p value < 0.05 was considered significant.
Results
Fifty-three percent of patients included in the study suffered from acute post-radiation pneumonitis. Fifteen (44.1%) patients experienced grade 2, and 3 (8.9%) patients grade 3 toxicity according to the modified RTOG/EORTC scale. No grade 4 toxicity was recorded in this study. All patients with grade 3 lung toxicity required hospitalization and intensive medical care. The mean time to clinical manifestation of acute postradiation reaction in patients who experienced postradiation pneumonitis was 5.3 weeks (min 2.7 weeks; max 16 weeks, median 7.4; 95% CI 4.2-8.7 weeks). In all patients except 2, acute post-radiation pneumonitis revealed itself before the end of the third month after the end of radiotherapy. In these 2 patients the acute post-radiation pneumonitis occurred at weeks 13 and 16 after the end of treatment.
The mean volumes of lung tissue which received doses in the range of 10-60 Gy in the analysed group are presented in Figure 1 . A-C.
Clinical factors including age, sex, tumour size, clinical stage, Karnofsky Performance Status, use of induction chemotherapy, and haemoglobin concentration before radiotherapy did not have any impact on acute lung toxicity risk (p ≥ 0.18).
The analysis of dose-volume histograms showed a difference in lung volumes receiving low doses (10 Gy, 20 Gy) in groups of patients with and without clinical manifestation of the side effect (p ≤ 0.01). The mean ipsilateral lung volume receiving 10 Gy in patients with post-radiation pneumonitis was 70.37%, and only 57.22% in patients without clinical manifestation of this acute side effect (p = 0.002). Also differences of mean contralateral and total lung volume, in both groups of patients, with and without clinical manifestation of post-radiation pneumonitis, were statistically significant, at a dose level of 10 Gy. These differences were 46.04% vs. 31.44% for contralateral lung and 56.73% vs. 38.68% for total lung volume respectively (p = 0.011; p < 0.001). Statistically significant mean volume differences of ipsilateral lung tissue, contralateral and total lung volume were demonstrated for a 20 Gy dose as well. Differences in both groups of patients with and without clinical manifestation of post-radiation pneumonitis were 58.16% vs. 47.66% for ipsilateral lung (p = 0.007). For contralateral and total lung volume these differences were respectively 17.91% vs. 10.00% and 36.14% vs. 12.41% (p = 0.016; p < 0.001). For lung tissue receiving higher doses, in the range of 30-60 Gy, statistically significant differences were observed in total lung volume only. For the dose of 30 Gy the difference was 25.23% vs. 14.59% (p < 0.001), and 19.28% vs. 11.36% for the dose level of 40 Gy (p < 0.001). For the 50 Gy and The analysis of prognostic factors affecting post-radiation acute reaction after conformal radiotherapy for non-small cell lung cancer 60 Gy doses these differences, in mean total lung volumes, were respectively 13.51% vs. 7.64% and 8.64% vs. 4.02% in the groups of patients with and without clinical manifestation of post-radiation pneumonitis (p = 0.001; p < 0.003). Results of this analysis are presented in Table II . The analysis of the mean dose in the lung tissue defined as ipsilateral, contralateral and total lung volume showed a statistically significant difference in the case of total lung volume only. The mean dose which was absorbed in the total lung volume in the group of patients with post-radiation pneumonitis was 21.23 Gy, compared with 15.86 Gy in the group of patients without any signs of this acute side effect (p = 0.008). Neither high dose volumes in the ipsilateral lung, contralateral lung, mean ipsilateral and contralateral lung doses, nor PTVs or CTVs (cm 3 ), showed a statistically significant difference in this patient population (p ≥ 0.07).
The univariate analysis showed that the lung volumes receiving a dose of 10 Gy, ipsilateral lung and total lung volume receiving 20 Gy, and total lung volume receiving doses of 30 Gy and 40 Gy were correlated with the post-radiation pneumonitis risk. The multivariate analysis showed that only total lung volume receiving a dose of 10 Gy was correlated with the risk of post-radiation pneumonitis (p = 0.01). Results of the univariate and multivariate analysis are presented in Tables III and IV .
Discussion
The clinical manifestation of acute post-radiation toxicity of the lung tissue is the most frequently occurring side effect in patients with NSCLC after radical radiotherapy, which limits the possibility to deliver a high dose of ionizing radiation. The use of 3D-CRT with a growing number of therapeutic beams orientated to the patient in varied angles and positions causes better ability to spare normal lung tissue, but a great deal of lung volume absorbs low, scattered doses. In the present study we have attempted to identify clinical and dosimetric factors which can be responsible for clinical manifestation of lung injury in patients after radical radiotherapy. In the evaluated patient group acute post-radiation pneumonitis grade 2 had clinical manifestation in 15 (44.1%) patients, and 3 (8.9%) patients experienced grade 3 toxicity on the modified RTOG/EORTC scale. No grade 4 was recorded. The occurrence of grade 2 toxicity in this group of patients was not a significant clinical problem. We observed relatively rapid respiratory function amelioration after corticosteroid administration in these cases. Multiple reports based on RTOG/EORTC toxicity scores have described the percentage of grade 2 in the range of 7.8-36% [6, 10, 14, 15] of patients in this study [6] . The group from St Louis described the risk of acute toxicity manifestation of grade 2 or higher in 14% of patients 6 months after radiotherapy. There were reported 4 deaths due to acute post-radiation pneumonitis [10] . Wang et al. reported the risk of acute lung toxicity of grade 3 or higher at a level of 6.7%. About 4% of patients died because of this complication after radiotherapy in this study [14] . The group from the Memorial Sloan Kettering Cancer Centre reported 18.3% of patients with acute lung toxicity of grade 3 or higher according to the RTOG/EORTC toxicity score.
The percentage of deaths due to lung toxicity was 4%, similarly as in the Wang et al. study [15] . In our study the toxicity score modification consisted in changing the corticosteroid administration from grade 3 to grade 2 on the above-mentioned scale.
The introduced change allowed us to single out a group of patients with indirect degree of postradiation acute reaction course. The lack of uniform criteria for post-radiation pulmonary injury makes it difficult to compare the incidence and severity of post-radiation pneumonitis between published data. In comparing published data it is important to take into account that therapeutic indications for corticosteroid administration may be different in particular centres and departments. The results of our study, if we refer to the percentage of patients with clinical manifestation of grade 3 acute postradiation pneumonitis according to RTOG/EORTC, are similar to published data from other centres [6, 10, 15] . A number of recently published reports evaluating toxicity after radiotherapy in patients with NSCLC are based on detailed analysis of dose-volume histograms. The purpose of these studies was to detect factors that increased the risk of acute post-radiation pneumonitis. Investigators have demonstrated that the larger was the volume of lung tissue receiving some defined radiation dose, the higher was the risk of acute post-radiation lung injury. Some investigators have reported a similar relation to mean dose absorbed in the lung tissue. In the presented statistical analysis clinical manifestation of acute post-radiation pneumonitis revealed itself most often in patients who received low doses in a large volume of lung tissue, which was defined as ipsilateral, contralateral and total lung volume. The multivariate analysis conducted in the present study showed a strong relation between total lung volume receiving a dose of 10 Gy and the risk of acute lung injury. For lung volumes which received higher doses, in the range of 30-60 Gy, statistically significant differences were observed in total lung volume only.
Similar results were reported by Graham et post-radiation lung toxicity. In univariate analysis the p values for these variables were 0.001 and 0.01 respectively. The multivariate analysis demonstrated that the lung volume which received the low dose of 20 Gy was the only prognostic factor for evaluation of the risk of acute post-radiation pneumonitis (p = 0.001). Additionally, the authors reported a direct statistical correlation between lung volume which received a dose of 20 Gy and acute lung toxicity intensification. There were no reported cases of acute post-radiation pneumonitis in the group of patients which received a dose of 20 Gy in less than 22% of total lung volume. For the range 22-31% of total lung volume which received the above-specified dose, the authors reported acute post-radiation pneumonitis of grade 2 according to the RTOG/EORTC toxicity score in 8% of patients. In the group of patients which received a dose of 20 Gy in total lung volume larger than 40%, the risk of serious incidents of acute post-radiation pneumonitis (grade 3-5 according to the RTOG/EORTC toxicity score) was 8%. Three patients died due to acute lung toxicity in this group of patients [10] . Similar results were reported by a group from Mayo Clinic. The authors reported a statistically significant relation between clinical manifestation of grade 2 acute post-radiation pneumonitis and the mean dose in the total lung volume. A statistically significant relation between total lung volume which received a dose equal to or higher than 10, 13, 15, 20 and 30 Gy, and grade 2 lung toxicity was reported in this study as well [8] . The group from M.D. Anderson Cancer Centre confirmed a thesis on particular sensitivity of lung tissue to low total and fractional doses of ionizing radiation. The range of low radiation doses absorbed in a large volume of lung tissue in patients treated for NSCLC, as well as mean dose in lung tissue, had an impact on clinical manifestation of post-radiation pneumonitis.
Patients who received a dose of 5 Gy in total lung volume smaller than 42% had a lower risk of postradiation lung toxicity compared to patients who received the same dose in a lung volume larger than 42% (p = 0.001) [12] .
In the present study a statistical correlation between percentage total lung volume which received higher doses (40, 50 and 60 Gy) and the risk of clinical manifestation of post-radiation pneumonitis was demonstrated. This kind of correlation was not reported by authors from Washington University Medical Centre and Mayo Clinic [8] . This may result from differences in the definition of percentage total lung volume. The authors of those studies created total lung volume in the computer planning system excluding three volumes: GTV, CTV and PTV. In the present study ipsilateral and total lung volume were reduced by exclusion of CTV and PTV, but not GTV. Exclusion of these three volumes from the total lung volume could have a relatively large impact on the high dose distribution in lung tissue.
The presented results as well as published data indicate that the risk of lung toxicity clinical manifestation is the most important factor which limits our ability to safely deliver a planned dose of ionizing radiation inside the thorax. In the course of treatment planning it is very important to pay special attention to low dose distribution in lung volume. Such a disadvantageous low dose distribution in lung tissue may result from using a large number of oblique therapeutic beams, which permit the delivery of nearly 100% of the planned dose to the PTV, but on the other hand significant lung tissue volume absorbs a low, dispersed dose of ionizing radiation. New treatment techniques of radiotherapy in patients with NSCLC are being evaluated to spare lung tissue and other organs and to reduce the toxicity risk [25, 26] . Additional studies are needed for a more robust description of the dose-volume effect following thoracic irradiation in lung cancer patients.
In conclusions, in this analysis, the lung volume receiving a dose of 10 Gy is the most important dosimetric factor which influenced the postradiation acute pneumonitis. Clinical manifestation of acute post-radiation pneumonitis revealed itself most often in patients who received low doses in a large volume of lung tissue.
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